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* NOTICES * 



Japan Patent Office is not responsible for any * 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Semiconductor luminescence equipment which consists of Inl-y y P (Gal-x Alx), sets 
aluminum mixed-crystal ratio x of the aforementioned p type clad layer to x>=0.75 in the 
semiconductor luminescence equipment which has the double hetero structured division which 
sandwiched the barrier layer in p type clad layer and n type clad layer, sets the oxygen density of the 
aforementioned p type clad layer or less [ 2x1017cm - ] to three, and is characterized by the bird 
clapper. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the semiconductor luminescence 
equipment using InGaAlP system material with respect to semiconductor luminescence equipment. 
[0002] 

[Description of the Prior Art] In the III- V group compound semiconductor mixed crystal except a 
nitride, InGaAlP system mixed crystal has the greatest transited [ directly ] type energy gap, and 
attracts attention as a light-emitting-device material of 0.5-0.6-micrometer band. Compared with the 
thing using a transited [ indirectly ] type material of the conventional GaP, GaAsP, etc., transited 
[ directly ] type luminescence is possible for especially the pn junction type light emitting diode 
(Light Emitting Diode) with the luminescence section by InGaAlP which uses GaAs as a substrate 
and carries out grid adjustment at this from red to green by changing aluminum mixed-crystal ratio 
of a luminous layer, and it can form Light Emitting Diode of high brightness. Furthermore, it is 
possible to form the light laser of high power. 

[0003] In order to form Light Emitting Diode and high power laser of high brightness, it is important 
for raising luminous efficiency that the carrier in a luminous layer shuts up, ** and light close from 
the first, and eye ** is fully made. For that purpose, the band-gap difference of a luminous layer and 
a clad layer and a refractive-index difference come out enough, and a certain thing is needed. 
Therefore, it is necessary to enlarge aluminum mixed-crystal ratio of a clad layer. 
[0004] However, in InGaAlP, if aluminum mixed-crystal ratio x is enlarged, until now Zn which is p 
type dopant when especially x exceeds 0.7 is incorporated, efficiency not only becomes bad, but It 
was difficult to reduce the electric rate of activation of Zn which the oxygen density in a film became 
high, will compensate an acceptor, and was incorporated further (carrier concentration to Zn 
concentration incorporated during the crystal comparatively), and to dope p type carrier to high 
concentration. 

[0005] Although Zn was incorporated and efficiency became high when making growth temperature 
low, an oxygen density will increase further and there was a problem that the yield of an element 
became low, according to the increase in hillock density, or aggravation of surface morphology. 
Especially, InAlP is used for a clad layer and p type clad layer has become high resistance with the 
element using Zn as a p type dopant. 

[0006] In addition, although high carrier concentration could be obtained since [ the ] it was 
incorporated and efficiency became high when using Mg as a p type dopant, it was difficult for there 
to be problems, such as diffusion and delay, in Mg and to dope with a sufficient controllability. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, when the clad layer of high 
aluminum composition was adopted in the semiconductor luminescence equipment using InGaAlP 
system material, it was difficult to cause the yield fall by the resistance increase by the fall of carrier 
concentration, the increase in hillock density, or aggravation of surface morphology, and to adopt the 
clad layer of high aluminum composition substantially. 

[0008] Even if it uses InGaAlP system material, the low resistance p type layer of the high aluminum 
composition InGaAlP can be realized, and the place which this invention was made in consideration 
of the above-mentioned situation, and is made into the purpose can realize good surface morphology 
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and hillock density, and is to offer the semiconductor luminescence equipment which can aim at the 

improvement in an element property, and improvement in the manufacture yield. 

[0009] 

[Means for Solving the Problem] The main point of this invention is by optimizing an oxygen 
density to obtain a high aluminum composition InGaAlP layer with low resistance and good 
morphology. That is, this invention consists of Inl-y y P (Gal-x Alx), in the semiconductor 
luminescence equipment which has the double hetero structured division which sandwiched the 
barrier layer in p type clad layer and n type clad layer, sets aluminum mixed-crystal ratio x of p type 
clad layer to x>=0.75, sets the oxygen density of p type clad layer or less [ 2x1 01 7cm - ] to three, 
and is characterized by the bird clapper. 

[0010] Here, the following are raised as a desirable embodiment of this invention. 

(1) It is the field direction where the field direction of a substrate inclined 10 degrees or more in 
(100) to [011], or the [01-1] direction. 

(2) The dopant of p type clad layer should be Zn. 
[0011] 

[Function] Since low resistance and high concentration p type doping and good surface morphology 
are realizable by specifying an oxygen density as mentioned above in In0.5 0.5 (Gal-x Alx) P 
(x>=0.75) of high aluminum composition according to this invention, it becomes possible to create 
the element which has the good double heterojunction which has a high band-gap difference and a 
high refractive-index difference with the sufficient yield. 
[0012] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
Drawing 1 is the cross section showing the outline composition of the semiconductor luminescence 
equipment concerning the 1st example of this invention. 1 1 in drawing is a n-GaAs substrate, and the 
Bragg-reflection layer 13 which consists of n-InAlP of 12 or 10 pairs of n-GaAs buffer layers and n- 
GaAs is formed on the principal plane of this substrate 1 1. On the Bragg-reflection layer 13, growth 
formation of the double hetero structured division (luminescence field layer) which consists of the n- 
In0.5 aluminumO.5 P clad layer 14, an In0.5 0.5 (Ga0.55aluminum0.45) P barrier layer 15, and a p- 
In0.5 aluminumO.5 P clad layer 16 is carried out. 

[0013] On the double hetero structured division, growth formation of the p-InGaP middle contact 
layer 17 and the n-In0.5 aluminumO.5 P current blocking layer 18 is carried out, and the current 
blocking layer 1 8 is circularly processed by selective etching, for example. On the middle contact 
layer 17 and the current blocking layer 18, growth formation of the p-Ga0.2 aluminum0.8 As current 
diffusion layer 19 and the p-GaAs contact layer 20 is carried out, and this contact layer 21 is 
circularly processed according to the configuration of the current blocking layer 1 8. And the p lateral 
electrode 2 1 which consists of Au-Zn is formed on the contact layer 20, and the n lateral electrode 22 
which becomes the principal plane of another side of a substrate 1 1 from Au-germanium is formed. 
[0014] In addition, 12-18 were formed in growth of each class by the 1st growth using the MOCVD 
method, and 19 and 20 were formed by the 2nd growth. Moreover, In0.5 0.5 (Gal-x Alx) P which 
forms n type clad layer 14 with the element of drawing 1 , Although In0.5 0.5 (Gal-y Aly) P which 
forms a barrier layer 15 and the aluminum composition x of In0.5 0.5 (Gal-z Alz) P each class 
which forms p type clad layer 16, a nd y and z set to x=z=l .0 and y- 0.45, they should just be y<=x 
and y<=z. Namely, the band gap of the barrier layer 1 5 used as a luminous layer should be just 
smaller than two clad layers, p and n, 14 and 16. 

[0015] Although the aluminum composition w of the p-Gal-w Alw As current diffusion layer 19 and 
aluminum composition v and w of each class of the n-In0.5 0.5 (Gal-v Alv) P current blocking layer 
18 are set to w= 0.8 and v= 1 .0 with the element of drawing 1 , they are not this limitation. What is 
necessary is just to specifically, choose so that it may become transparent to the luminescence 
wavelength of a barrier layer 15, and a band gap may become large rather than a barrier layer 15. 
[0016] The p lateral electrode 21 is formed right above the current blocking layer 18 of the lift-off 
method or etching which used the resist etc., and the p-GaAs contact layer 20 of portions other than 
this p lateral-electrode 21 is removed by ammonia and the selection etchant of a hydrogen-peroxide- 
solution system. 

[0017] Here, although the p-InGaP middle contact layer 17 will turn into an absorption layer to 
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luminescence of a barrier layer 15 when aluminum composition y of the In0.5 0.5 (Gal-y Aly) P 
barrier layer 15 is enlarged, it is formed by the following reasons at this example. That is, generally, 
since the GaAlAs front face which is the growth principal plane tends to oxidize and an oxide film is 
formed, the crystal growth to a GaAlAs top must be the material which has selectivity for this to that 
a good crystal growth cannot be performed and the etchant which ******* **.* s the n-InGaAlP 
current blocking layer 18. For this reason, InGaP which has selectivity to the etchant of InGaAlP that 
a front face cannot oxidize easily is used. Moreover, the effect of the absorption to barrier-layer 
luminescence described above that the thickness of this p-InGaP middle contact layer 17 should just 
be sufficient thickness to satisfy the above-mentioned thing, so that it became thin becomes small. 
Here, thickness of the middle contact layer 17 is set to 50nm or less. 
[0018] The carrier concentration of other layers is set up as shown in a parenthesis below. 
n-GaAs substrate 1 1 (micrometers [ 80 ], 3xl018crri-3) 

n-InAlP/n-GaAs Bragg-reflection layer 13 (micrometers [ 0.8 ], 5x101 7cm-3) 

n-InAlP clad layer 14 (micrometers [ 0.6 ], 5xl017cm-3) 

InGaAlP barrier layer 15 (micrometers [ 0.3 ], undoping) 

p-InAlP c lad layer 16 (micrometers [ 0.6 ], 8xl017cm-3) 

n-InGaAlP current blocking layer 1 8 (micrometers [ 0. 1 5 ], 2x101 8cm-3) 

p-GaAlAs current diffusion layer 19 (micrometers [ 7 ], 3xl018cm-3) 

p-GaAs contact layer 20 (micrometers [ 0.1 ], 3x101 8cm-3) 

It comes out. 

[0019] The point that the above-mentioned composition differs from the conventional structure is 
having reduced the oxygen density or less [ 2x1 01 7cm - ] to three, and by setting the aluminum 
composition x of the clad layers 14 and 16 and z to 1.0, and making the field direction of a GaAs 
substrate into the field direction which inclined 15 degrees in the (100) to [01 1] direction explains it 
below about the predominance of this element. 

[0020] It combines with Zn which formed some donor level or was doped, and the oxygen 
incorporated as a remains impurity in InGaAlP carries out the work which compensates an acceptor. 
Since oxygen became the more to Zn becoming is hard to be incorporated that it is easy to be 
incorporated the more aluminum composition is high, it was difficult to form the clad layer of high 
aluminum composition. However, according to the experiment of this invention persons, in highest 
InAlP of aluminum composition ratio in InGaAlP, high carrier concentration called 1.8x101 8cm- 3 
was able to be obtained by reducing an oxygen density. Moreover, it also sets to three or more 
[ 1018cm - ] high carrier concentration, and is hillock density 1cm 2 It could decrease in 100 or less 
hit number, and the yield of an element improved. 

- [0021] The rate of electric activation of Zn to the oxygen density broken into drawing 2 at InAlP (p 
type carrier concentration to Zn concentration incorporated during the crystal comparatively) is 
shown. Although the rate of activation becomes high so that an oxygen density becomes low, when 
especially an oxygen density becomes three or less [ 2x101 7cm - ] from this drawing, it turns out 
that the rate of activation improves rapidly. Therefore, if the oxygen density is set or less 
[ 2x1017cm - ] to three, even if it uses high (x>=0.75) InGaAlP of aluminum mixed-crystal ratio x, it 
will become possible to make the carrier concentration high enough. The hillock density to the 
oxygen density in InAlP is shown in drawing 3 . From this drawing, although it falls, if Zn is the 
same Zn concentration like a low, as for hillock density, a low is understood that hillock density falls 
[ an oxygen density ]. 

[0022] What is necessary is just to let the field direction of a GaAs substrate be the field direction 
which inclined 10 degrees or more in the (100) to [011] direction, or the [01-1] direction as a means 
to reduce an oxygen density, for example. Moreover, it is also effective to make high purity of the 
raw material of aluminum considered as one of the sources of mixing of oxygen. Furthermore, V/III 
It is also effective to make a ratio high or to make growth temperature high (Y. Nishikawa et al., 
Extended Abstracts of the 1992 International Conference in Solid State Devices and Meterrials 
pp.293). 

[0023] The dependency over the substrate side direction of the oxygen density, to aluminum mixed- 
crystal ratio of InGaAlP and an oxygen density is shown in drawing 4 . Moreover, all over drawing, 
the oxygen density at the time of using aluminum raw material of a high grade was also shown. 
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From this drawing, an oxygen density understands that an oxygen density becomes low rather than a 
substrate (100) in the 15-degree inclination substrate although it becomes high, so that aluminum 
mixed-crystal ratio x is large for a substrate (100) and an inclination substrate. 
[0024] Moreover, the ratio of the oxygen density of a barrier layer 15 and the oxygen density of the 
clad layer 16 can be made small by making the oxygen density of the clad layer 16 low. Like this 
example, the oxygen density of a barrier layer 15 is [ the oxygen density of 7xl016cm-3 and the clad 
layer 16 ] lxl017cm-3, and if these ratios are small, diffusion of Zn from the clad layer 16 to a 
barrier layer 15 can be suppressed. According to the experiment of this invention persons, it was 
checked that diffusion of (the oxygen density of a clad layer) / (oxygen density of a barrier layer) 
<= 2, then Zn to a barrier layer can fully be suppressed. 

[0025] When the element was actually created with the element structure mentioned above and 
voltage was impressed to the forward direction, luminescence which has peak wavelength in 565nm 
was obtained, and the very high brightness of 5 cds was obtained. In spite of using the InGaAlP clad 
layer of high aluminum composition for this, it is because the carrier concentration of a clad layer 
was raised and the resistance was made small by carrying out using an inclination substrate etc. and 
making an oxygen density low. Moreover, it was checked that surface morphology with it is 
obtained. [ a low oxygen density and ] [ good / the shell alias a low, and hillock density ] 
[0026] Drawing 5 is drawing showing the outline cross-section structure of the 2nd example of this 
invention. 5 1 in drawing is an n type GaAs substrate, and growth formation of the n type GaAs 
buffer layer 52 is carried out on the principal plane of this substrate 51. On a buffer layer 52 n mold 
In0.5 0.5 (Gal-x Alx) P clad layer 53 and In0.5 () [ Gal-y ] The Aly 0.5 P light-guide layers 54 and 

56 and In0.5 (Gal-v Alv) 0.5 P (-2% of distortion) Growth formation of the double hetero structured 
division which consists of a barrier layer 55 of the distortion multiplex quantum well structure which 
consists of In0.5 0.5 (Gal-w Alw) P as having, and the p type In0.5 0.5 (Gal-z Alz) P 1st clad layer 

57 is carried out. Furthermore on it, growth formation of the p type In0.5 Ga0.5 P etching stop layer 

58 and the p type In0.5 0.5 (Gal-x Alx) P 2nd clad layer 59 of the shape of a stripe established 
partially is carried out. 

[0027] On the p type In0.5 0.5 (Gal-x Alx) P 2nd clad layer 59 of the shape of a stripe which makes 
nb structure, the p type In0.5 Ga0.5 P middle contact layer 60 is formed, and the n type GaAs 
current constriction layer 61 as a current block layer is formed in both sides. And on the p type In0.5 
Ga0.5 P middle contact layer 60 and the n type GaAs current constriction layer 61, growth formation 
of the p type GaAs contact layer 62 is carried out. 

[0028] And the p lateral electrode 63 which consists of Au-Zn is formed on the p type GaAs contact 
layer 62, and the n lateral electrode 64 which becomes the principal plane of another side of a 
substrate 51 from Au-germanium is formed. In addition, 52-60 were formed in growth of each class 
by the 1st growth using the MOCVD method, and 62 [ the time / 2nd ] was formed for 61 by the 3rd 
growth. The n type GaAs substrate 51 has the field direction which inclined 1 5 degrees in the (100) 
to [011] direction. 

[0029] The aluminum composition v, wx, and z of InGaAlP each class which constitutes a double 
hetero is set as y=v, w<=v<=x, w<=v<=z, and z>=0.75. That is, the double heterojunction with the 
band gap of a barrier layer 55 smaller than two clad layers, p and n, 53 and 57 is formed. When 
referred to as z=x=1.0, y=v=0.5, and w= 0 with above-mentioned semiconductor luminescence 
equipment, 1.8xl018cm-3 were obtained as carrier concentration of p type clad layer 57, and hillock 
density was also hundreds (cm-2) grade. Furthermore, as an element property, the threshold of 30mA 
and the highest oscillation temperature of 150 degrees C are obtained on the oscillation wavelength 
of 630nm, and operation is checked by 50 degrees C and 3mW for 2000 hours. 
[0030] By this example, a semiconductor light emitting device with a good electrical property with 
little overflow of a carrier and an optical property can be created with the sufficient yield as 
mentioned above. In addition, this invention is not limited to each example mentioned above. 
Although the example showed Light Emitting Diode which used the reflecting layer and the current 
constriction layer, and the transverse-mode control type laser equipped with multiplex quantum well 
structure, what is necessary is just the semiconductor light emitting device equipped with pn 
junction. Furthermore, an effect with the same said also of Gal -a Ala As (a>=0.7) and Inl-b Alb As 
(b>-0.7) is acquired that the material system which constitutes an element should just be a thing 
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containing a high material of aluminum mixed-crystal ratio. In addition, in the range which does not 

deviate from the summary of this invention, it can deform variously and can carrv out 

[0031] 

[Effect of the Invention] As explained in full detail above, low resistance and low hillock density are 
obtained in the material which has high aluminum mixed-crystal ratio according to this invention, 
and it becomes possible to realize the semiconductor luminescence equipment which has a good ' 
electrical property with little overflow of a carrier etc., and an optical property with the sufficient 
yield. 



[Translation done.] 
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